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Abstract : In this paper, we have analysed the variation of selection effects with frequency in flux density limited samples. Firstly, we estimated 
the contribution of selection effects in the observed variation of spactral index (a ) with redshift (r.) at radio luminosities estimated at 150 MHz, 
? S GW/  and 40 GHz respectively Secondly, this analysis is repealed tor the boloinetric luminosity with the spectral index estimated at similar 
licqucncy ranges The analyses were based on the 3CR high luminosity sources. The results show that in both cases, the contribution of selection 
ellects in the observed a  -  {I + 7) variation, may be frequency dependent.
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1. In tro d u c tio n
The inconclusive results from the numerous correlation 
studies of spectral index (a) with radio luminosity (P) 
and/or redshift (z) have usually been attributed to the 
observed strong correlation of luminosity with redshift or 
due to radio /(-correction 11-4). It is known that in bright 
source samples the observed strong correlation between 
radio luminosity and redshift is usually attributed to 
selection effects. This arises because the source counts are 
so steep that most sources readily bunch up within a factor 
of 2-3 in flux density from the survey limit. The second 
factor which is related to the radio /(-correction arises from 
estimating spectral indices at the observing, rather than the 
rest frequencies of the sources. This effect, which is 
frequency-dependent, becomes increasingly significant at 
high redshifts [51.
In the present paper, the authors have carried out a 
quantitative estimation of the dependence of spectral index 
<>n redshift resulting from the observed strong correlation 
between luminosity and redshift in flux density limited 
samples at 150 MHz, 2.5 GHz and 40 GHz (for radio 
luminosities). This procedure is repeated at the bolovnetric
luminosity. The theoretical derivations of the relevant 
parameters used in the analysis, based on the 3CR steep 
spectra (a > 0.5) source samples, are outlined in Section 2 
while the results obtained and their analysis, arc given in 
Section 3 [3.1 (radio) and 3.2 (bolometric)]. Finally, a 
summary of our results and conclusion arc discussed in 
Section 4.
2. Variation of spectral index with redshift and 
luminosity in flux density—limited samples
In principle, the variation of spectral index with redshift 
independent of luminosity is best studied using samples of 
radio sources which in addition to having approximately the 
same median luminosities also have a wide range of 
redshifts. However, because of the observed strong 
correlation between luminosity and redshift, this has so far 
not been realised [6j.
In this paper, it is shown that some quantitative 
estimates can be provided for the influence of selection 
effects in the observed spectral index-redshift (oc~z) 
relationship. This aspect of the correlation of a  with z has 
so far remained largely uninvestigated in the literature.
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In ihc present analysis, we shall assum e a bivariate 
dependence of a  on P and c ol the sort |3 |
(x[:. Pv) = « 0 + <ilog( I + z) + b\og(Px./P*),  ( I )
log /J+ = 24 ,
where P is in units ol W H z -1 . w here log P* is 
n orm aliz in g  lu m in osity  / \ ,  ol* a radio source o l’ flux 
density. Sv. at the observing frequency, v depends on the 
two cosm ological parameters— the Hubble's constant at the 
present epoch, / / 0, and the density parameter, Q  according 
to the relation |7 |
1\. = iV (4 r///0« 3)2(l + : ) 2C'UJ (2)
where U / + I )  is the term w hich expresses the spectral 
relativistic Doppler effect correction, c is the speed o f light 
and
Q(U.  z) -  log 1/ 2 (12“ + U 2 -  c>)
x  ( ( i2 r +  l )l/2 -  l) / lo g ( l  +  z) (3)
is a factor which expresses the inverse square law variation 
o f  lum inosity with distance, llq. (2 ) can be re-expressed in 
its most general form | 8 |
/>,, = /*«,( i+ c y * . (4)
where P() = S(4c/ / i {>£2'f (5)
and [3 = 2{2( i 2 ,r)-M * -  I . (6 )
In flux density lim ited sam ples, P{) is determined by the 
flux density limit, 5\„ which equals the flux density of the 
sam ple and a  is assum ed to arise so le ly  from selection  
e ffec ts . From the m onovariation o f  a  with P usually  
expressed as
«</>,.) = « 0 + 6  lo g ( />,,//>') (7)
and substituting tor Pv. front eq. (4) into eq. (7). we get
«< Pv ) = or,, + ph log( I +  r ) + b log( /»„//■»*). (8)
Sim ilarly w e may substitute cq. (4) in eq. ( I ) to obtain
« ( z, P v ) = « () +  a y  log( I +  z )  +  b  log( P0 / P ’ ) ,  (9)
where a x, ~ { a + f i b )  is the m agnitude o f  the observed  
cx~(l  + z)  re la tio n sh ip . W e can now  carry out a  
quantitative analysis o f  the dependence o f  a  on ? and P 
since the product pb appearing in eq. (8 ) is the magnitude 
o f  the contribution o f  selection  effects, as a result o f the 
P -  ( I + c ) correlation, to the observed a  -  (1 +  c ) data,
3. Results and analysis
J. /. Radio :
The present analyses were carried out using the well-defined  
3CR sam ples o f  radio sources as com piled  hy |9 | ,  and 
published in 11()|.
The scope, however, shall be restricted only to the steep 
spectrum ( a > 0 .5) and powerful logPv > 24 WHz- 1 
sources in the sample due to the difference in energy 
production mechanism between the Hat (Of < 0 ,5 ) and steep 
( a >0.5) spectrum sources. We have adapted H{) = 75 
Km/s/Mpc, 12= 1.0, log P* = 24 where P* is in units oi 
W Hz- 1  and a  defined as positive Le. Sv ~ \r tt.
The sources were binned after making the assumption 
that in large data samples, the median-mean. To investigate 
the relative dependence of the spectral index on intrinsic 
luminosity and rcdshift, wc fitted cq. (I) to the median 
value data in various ranges of luminosities and redshilts 
and obtained
a ( z , P[) 15) = 0 .7 6  + 0 .0 6  log( I +  ::)
+ 0.007 lo g (P „ /P - >, (10)
a ( : ,^ 2S) = 0.62 + 0.51 lo g o * -)
+ 0 .06 log(/Jo / P*)> (II)
a{z>pM)) = o.KI+0.32 log(l + -)
+ 0.03 log(/Jo / P*). (12)
However, our main aim being to determine the magnitude 
of the contribution of the P- ( \  + z) dependence on the 
observed a  -  ( I + c ) data, wc have fitted a linear regression 
equation |see eq. (4)|. ol the form
log/^  = log P{) + /Jlog(l + z) (13)
for all those sources in our sample (i.c. for sources with 
a  > 0 .5 ). The results are shown in Table I.
Table 1. Resulis ol regression analysis ai 0.15. 2.5 and 40 GHz.
v (GHz) p log P 0 WHz -1 b
0 15 6.77 25.12 0,(K)7
2 5 771 18.86 0 061
40 5 52 14 n 0 034
Substituting for /}, P{) and b from Tabic 1, with log/** = 
24 where P* is in units of WHz - 1, into eq. (8 ) for the 3 
respective frequencies, wc have
a(P)0AS = 0.76 + 0.047log(l + z). (14)
a(Phs  = 0.62 + 0.47 log( 1 + z), (15)
oc{P)io = 0.81 + 0.191og(l + z). (16)
By comparing cqs. (14)-(I6) with cqs. ( 10 )—( 1 2 ) according 
to their respective frequencies, wc can sec that the residual 
dependence of a  on z, after subtracting that contributed by 
selection effects, arc
cr(z)0.is =0 .76  + 0.()l31og(l + z), (17)
ot(z>2 5 = 0.62 + 0.04 log( 1 + z ), (18)
a ( ; > 4 0  =0.81 + 0.13 log(l + z). (19)
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[ills. ( 17)~( 19) arc ihe expressions lor the expected spectral 
steeping arising from redshift effects (and the radio 
^-correction) independent of all selection effects for all 
those sources wilh a  > 0 .5  analysed in our sample at the 
three respective frequencies 150 MHz, 2.5 GHz and 40 
GHz. It can he seen from eqs. (10)—( i 2) that the dependence 
o( the spectral index on redshift is more than its dependence 
on luminosity, especially at high redshifts, ( z > 0.5). Also 
by comparing eqs. (!())-(12) wilh eqs. (14)-(16) it follows 
that the observed a  -  z relationship at the three frequencies 
considered arc respectively 78.3%, 92.2% and 59.4% 
showing that the variation of selection effects docs i|ot 
depend entirely on frequency since there is a drop at higtfcer 
frequency (40 GHz). \
.?.2. At holometric luminosity : i
In this second part wc shall investigate the effects of ^ c  
variation of spectral index with frequency on tjhc 
contributions of selection effects in the a  - ( ! + * )  
coriclation. It is shown that, here again, the P - (  1+*) 
relationship is also frequency dependent. The bolometric 
lu m in o sity  was measured for spectral indices estimated at 
three frequencies ; 150 MHz, 2.5 GHz and 40 GHz in the 
3 CR sample analysed. Since a  = a (v )  at the bolometric 
luminosity, and adopting again a bivariate dependence of a  
on r. and P of the sort |3 |,
a{z.P) = a {) +aIog(l + 7) + ilo g (P 0/ / >*) (20)
and from |8 |, wc have
P=PM (\ + z)l*. (21)
II the observed variation of spectral index wilh redshift is 
assumed to arise horn selection effects alone, then from the 
expression for the monovariation of a  with P,
« (/J, v) = « „ + / ,  lc )g (/ y p * )  (22)
and substituting for P in equation (22) from cq. (21), gives
a( P, v) = a 0 + Pb log( 1 + z) + & Iog(Pbo,/Pm) (23)
Also substituting similarly in eq. (20), it will give
a(z.P) = or0 +av log(l + z)+/Hog(Pbol/P*), (24)
where a v =*(a + fib) and represents the magnitude of the 
observed a - ( !  + ;;) data while (ib is the contribution of 
selection effects in the same data.
Following the procedure adopted in $3.1, we have 
estimated the contributions of selection effects to the 
observed a  -  (I + -) data for spectral index measured at 150 
MHz, 2.5 GHz and 40 GHz (for the bolometric luminosity 
data) and obtained the following results :
a«„(* , P) = 0.59 + 0.81 log(l + z)
+ 0.0271og(Pw /P*) (25)
«0  is<z.P> = 0.83 + 0.09 logd + z)
+ 0.0061og(PM //> ') (26)
<*40(z. P) -  o .65 + 0.18 log( 1 + Z)
+ 0.095 log(/>*,,//>*) (27)
To determine the magnitude of the contribution of 
selection effects (arising from the P -  ( I + z) dependence) 
on the or -  (1 + z) data, wc have fitted the linear regression 
equation, see eq. (13) for those sources in our sample with 
ot> 0.5 and obtained the following results tabled below :
Tabic 2. Results of regression analysis for a  estimated at 
v = 0.15, 2 5 and 40 GHz.
v (GHz) P { P h o l/P *  ) WH/. -1 b
0.15 4.97 20.97 0.027
2 5 5.13 22 08 0 006
40 5,05 21.26 0 095
when these values in Table 2, together with logP* =34 
where P* is in units of W H z-1, are substituted in eq. (23)
wc obtained for the respective frequencies,
qr0 ,, (P) = 0.59 + 0.134 log( 1 + *) (28)
a 2 , ( P) = 0.83 + 0.032 log(l + z) (29)
Cf4o(/>) = 0-65+ 0.480 log(l + z) (30)
By comparing eqs. (28)-(30) with eqs. (25)—(27) it is 
deducible that the dependence of spectral index on redshift, 
after subtracting that contributed by selection effects are 
respectively,
«o is(z) = 0.59 + 0.676 log(l + z), (31)
a 2 s(z) -  0.83 + 0.060log(l + z). (32)
ao is(z) = 0.65 -  0.300 log(l + z). (33)
Eqs. (31)—(33) arc the expressions for redshif effects 
independent of selection effects in those sources with 
a  > 0.5 analysed in our sample.
4. Discussion and conclusions
The results obtained from both Subsections 3.1 and 3.2 of 
our analysis, show that the dependence of spectral index on 
redshift is more than its dependence on luminosity, 
especially at higher redshifts (z > 0.5). This is clear from 
eqs. (1 ())—( 12) and (25)-(27). Again, in Subsection 3.1, by 
comparing eqs. (10)—( f 2) with eqs. (I4M 16), we can see 
that the contributions of selection effects to the observed 
( a - z )  relationship (at the radio spectrum) arc -78.3, 92.2 
and 59.4% at the frequencies of 50 MHz, 2.5 GHz and 
40 GHz, respectively. These results seem to suggest no 
clear trend in the a  -  (1 + z) variation with frequency. 
However, at the bolometric luminosity, considered in part 2
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of our analysis, Ihc trend shows an increase of this effect 
with frequency ol -16.54, 35.56 and 26.76% respectively, 
at the three frequencies considered.
Several authors have previously worked extensively on 
the correlation ol spectral index with redshilt. For example, 
Laing and Peacock 111 found a correlation between a  and P 
for the bright source samples they analysed, though, 
however, it was not then possible to decide whether the 
primary correlation was with luminosity or redshilt due to 
the strong selection effects present in their sample. 
Ailington-Smilh (21 showed that at low flux levels a  
correlates more with luminosity than with redshilt provided 
that sources with very steep frequency spectra were 
excluded. Ciopal |5| using two samples of powerful sources 
with approximately the same median luminosities but with 
different median redshifls, again showed that a  depends 
more on luminosity than on redshift. Another similar result 
was obtained by Onuora |6) using a much larger source 
sample. These last two contributions were, however, based 
on a rather restricted redshift plane.
A somewhat different result was obtained by Windhorst 
et al (31 based also on a large number of samples, though at 
low flux levels. They were able to separate completely the 
effects ol luminosity from those of redshilt (in the observed 
a  -  z correlation) and showed that a  correlates more 
strongly with redshift than with radio luminosity. It may be 
noted however, that in the absence of any strong 
cosmological luminosity evolution, their result could be 
attributed to radio /(-correction. Again, Kapahi and Kulkami 
[41 used two point spectral indices, between rest frequencies 
of 1.4 and 2.7 GHz in radio galaxies from 1.4 and 2.7 GHz 
surveys to show that only weak and marginal a -  P and 
a ~ z  correlations could be found. They put a very strong 
argument to show that the much stronger correlation of 
spectral index with luminosity (or redshilt) observed in 
bright source samples, should arise jointly from the 
contributions ol radio /f-correction and selection effects. 
The contributions of the above effects arise from a steeper 
slope of (he luminosity function at higher luminosities. 
This is due to very steep-spectrum, high redshift sources
that arc usually preferentially included in low frequency 
surveys.
In the present analysis, we have shown that at the radio 
spectrum, there is indeed a strong contribution from 
selection effects to the observed a - z  correlation of - 78.3
92.2 and 59.4% at 150 MHz. 2.5 GHz and 40 GHz surveys' 
respectively in the 3 CR sources. Also this contribution is 
-16.54, 35.56 and 26.76% al the bolometric luminosity 
These two results show independently that selection 
effects contribute very significantly to the observed a~; 
correlation, irrespective of the possible contributions from 
the radio /(-correction and may have a dependency cm 
frequency.
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